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I. Introduction
Acute respiratory infection (ARI) has been reported to be responsible for about 845,000 deaths among under-five children in 2010 [1] . In sub-Saharan Africa, the situation is especially grave with about 378, 000 deaths from ARI occurring in this region alone [2] . Factors contributing to the high burden attributable to ARIs among under-five children include malnutrition, exposure to household air pollution (HAP) from solid fuel use and inadequate healthcare systems that limit access to appropriate treatment. In Sub-Saharan Africa, 77% of households depend on solid fuels as major sources of energy for heating and cooking in the year 2010 [3] , and interestingly, this figure has remained largely unchanged since the 1980s [3] [4] . The process of burning solid fuels on open fires or simple stoves produces high concentrations of pollutants, including particulate matter (PM), carbon monoxide (CO), nitrogen oxides (NO 2 ) and major carcinogens including polyaromatic hydrocarbons and benzene [5] . Studies among under-five children have reported a two-fold increase in the odds of suffering from ARI from exposure to HAP [6] . In addition, HAP has been reported as a known risk factor for chronic obstructive pulmonary disease, cataract, cardiovascular disease and cancer among adults, and was responsible for 3.5 million global deaths in the year 2010 [7] . In Sub-Saharan Africa, HAP was considered the second most important risk factor for ARI among under-five children after malnutrition [7] .
In Nigeria, despite the numerous natural resources for hydro-electric power, report by Maduka [8] indicated that Nigeria relied so much on traditional energy sources such as firewood (fuelwood), bagasse and crop residues for her daily energy needs. Maduka [8] also reported that an estimated 55% of Nigeria's primary energy requirement for heating and cooking in the home comes from firewood, biomass, charcoal and animal waste. Several studies have investigated the association between biomass fuel use and respiratory infection morbidity and mortality [9] . Studies conducted in Zimbabwe and India used cooking fuel type to group children into different categories of exposure [10] [11] . To the best of our knowledge, information on practices involved in the use of these biomass fuels in relation to the acquisition of acute respiratory infections among under-five children in Nigeria remains unknown. This study was therefore designed to assess the association of household cooking practices and ARI among under-five children in Ibadan.
II. Methodology

Description of the study Area
The study was carried out in Ibadan located in South-west Nigeria. Its population is estimated to be, about 2,550,593 according to 2006 census and is reputed to be the largest indigenous city in Africa, south of the Sahara. The principal inhabitants of the city are the Yorubas. The city is situated at an altitude ranging from 152 to 213 metres above sea level in a tropical rain forest. The wet season of the year runs from June through October (though occasional showers occur as early as March). In the wet season, temperature ranges from 21°C to 31°C, rainfall from 8.4cm to 18.8cm and humidity from 54% to 77%. In the dry season temperature ranges from 20°C to 31°C, rainfall from 1cm to 4.4cm and humidity from 43% to 83%.
Subject recruitment and community follow-up
A hospital-based case-control study design was undertaken. Two hundred and twenty children underfive years of age admitted with ARI to the paediatric department of Oni-Memorial Children Hospital and Otunba-Tunwase Emergency Hospital, University of Ibadan (120 beds and 260 beds, respectively) from January to April, 2012 were recruited. The WHO criteria was used for case definition of ARI i.e. "presence of cough with fast breathing in more than 60 breath/minute in less than 2 months, ≥ 50 breaths/ minute for children aged 2-11 months and > 40 breaths/minute for children aged 12-59 months". Controls were selected from children under-five years old, who were the same age, sex and level of maternal education (illiterate, primary, secondary, or tertiary education) hospitalized in the same ward during the same period for causes other than respiratory infections as well as from those attending immunization clinics. With respect to community assessment, a total of 66 cases and controls each gave consent for household survey. A community-based follow-up of 66 consented cases and controls was therefore carried out using an observational checklist. Children under-five excluded from this study included those with congenital heart disease, asthma, recurrent pneumonia, cystic fibrosis, pulmonary tuberculosis, immunodeficiency, hospital acquired pneumonia, aspiration pneumonia, foreign body inhalation, any chronic illness, children having measles or history of measles in last one month were excluded from the study.
Questionnaire Survey and Observation of household cooking practices
A semi-structured questionnaire was administered to the 220 mothers of recruited cases and controls to elicit vital information on household cooking practices and other factors that predispose children under-five to ARIs.A 32-point scale questions was used to assess cooking practices in households of cases and controls. Household cooking practice was scored by allocating 1 point for positive answers and zero for negative answers. A total score of 0-13 points or less than or equal to 50 th percentile was categorized as "inadequate cooking practice" while scores ranging from 14-32 points or above 50 th percentile was categorized as "adequate cooking practice". An observational checklist was used to also assess household cooking practices in houses of132 consented cases and controls. Some of the characteristics checked for include the type of fuel used in cooking, location of cooking and ventilation using number of windows per room.
Statistical analysis
Descriptive statistics was used to analyse and summarize the data. Analyses were conducted using SPSS software version 15 (IBM SPSS Statistics). Inferential statistics Chi-square (X 2 ) was used to test for association between qualitative variables between cases and controls. Odds ratios and their 95% confidence intervals were also computed.
Ethical consideration
The study was approved by the UI/UCH ethics committee. Verbal, informed consent of the child's mother was obtained for both cases and controls. Table 1 highlights the basic characteristics of mothers and their children that were recruited into the study. The mean age of mothers of cases was 28.77 ± 5.55 years as compared to 30.34 ± 6.56 years for mothers of controls. Majority of mothers for cases 214 (97.3%) and controls 209 (95%) were below 40 years of age. A large proportion of mothers of cases reported a monthly income of < ₦20,000 while mothers of controls reported between ₦20,000 and ₦50,000 per month. The mean age of children under-five among cases and controls was 20.41 ± 14.7 months and 20.3 ± 15.0 months respectively. Out of 220 cases and controls each, 122 (55.5%) were males and 98 (44.5%) were females in each group. The majority, 142 (65.0%) were between the age of 12 -<60 months; 59 (26.8%) were between 2 -12 months of age; and 19 (8.6%) were between 12 -<60 months of age. 
III. Results
Respondents' socio-demographic characteristics
Household characteristics
The characteristics of household of cases and controls are presented in table 2. More cases than controls reside in houses with household size greater than 5 persons (OR = 2.5; 95% CI = 1.6 -3.6). In terms of the number of rooms which cases and controls resides, more cases than controls reside in a single room (OR = 1.7; CI = 1.1 -2.5). A large proportion of houses of cases than controls has no separate kitchen for cooking purposes (OR = 2.0; 95% CI = 1.3-3.0). Similarly, a large proportion of cases than controls plays nearby cooking area (OR = 2.6; 95% CI = 1.6 -4.3). Under-five children whose mother carries on the back while cooking were found to be thrice more likely to develop ARIs than children whose mothers do not carry while cooking. More houses among cases than controls have less than 2 windows (OR = 3.2; 95% C.1 = 2.0-4.7) ( Table 2 ). 
Household Cooking Practices
The cooking practice in houses of cases and controls is presented in table 3 and 4. A large proportion of household of cases than controls carry out inadequate cooking practices (OR = 2.4; 95% CI = 1.6 -3.5). The unadjusted odds of having suffered from ARI was 8 times higher among children belonging to household that uses firewood for cooking (Table 3) . A large proportion of households of cases than controls cook using charcoal (OR = 3.0; 95% CI = 1.3 -6.9). Majority of household of cases than controls cook in the same bedroom where the child sleeps (OR = 3.5; 95% CI = 1.3 -9.5). Children under five belonging to households that cook at the door very close to the room were found to be 10 times more likely to develop ARIs than children whose household does not. The proportion of household of cases that cook in a separate kitchen were found to be less than controls (OR = 0.06; 95% CI = 0.01 -0.2). A logistic regression model found that overcrowding (measured using the number of persons in the household), mother carrying child at the back while cooking, cooking using firewood and charcoal, cooking in the same room where the child sleeps, cooking at the entrance of the room were major independent risk factor for ARIs in under five children (Table 4) . 
IV. Discussions
This study set out to investigate the relationship between household cooking practices and ARI among under-five children. Cooking practices, overcrowding, the use of firewood and charcoal for cooking, cooking done inside the same room where the child sleeps and cooking done at the entrance of the room were significant risk factors for ARI. This study found that a large proportion of household of cases than controls had inadequate cooking practices. This corroborates the report of Buchner and Rehfuess [12] who found indoor cooking practices as a major risk factor for ALRIs. The high level of inadequate cooking practices among household of cases resulted from individual responses which included the opinion of been more comfortable cooking with kerosene stove very close to the room to ensure safety of the food. In addition, majority of cases were of the opinion that cooking can be done inside the room to avoid stress. The high level of overcrowding recorded in our study was as a result of a large number of households of cases and controls living in buildings with separate rooms. Although, this can be attributed to the low monthly income. According to Toivola et al., [13] , overcrowding through activities such as talking, sneezing and cleaning could contribute to increased levels of particulate matter which could exacerbate respiratory responses. This study found that more than half (66.7%) of cases and far less than half (19.7%) of controls used firewood for cooking (i.e. as a substitute for kerosene stove) owing to the instability and unreliability of electricity supply in the country. This is similar to an Indian study which found that 93% of under-five children with ALRI belonged to households that used a biomass fuel such as firewood for cooking and 14.4% belonged to households with no separate kitchen [14] . A similar study carried out by Sikolia et al., reported that about 71% of children with ARIs lived in households that used firewood for cooking (RR = 1.42) [15] . In our study, children carried by mothers or guardian while cooking were 3 times more likely than the controls to have ARIs. The process of burning wood in simple stoves with incomplete combustion emit a large amount of toxins that adversely affect specific and non-specific local defenses of the respiratory tract which result in respiratory illnesses [16] . The practice of carry young children or keeping them nearby cooking areas by mothers or guardians is common in Nigeria. As a result, the child becomes more proximal to cooking stoves/exhaust and they became exposed to the emissions. An increased risk of ALRI associated with the child being carried on the mothers back has been noted in other studies [17] [18] . In a case-control study, selection bias and recall bias are especially likely. Selection bias was minimized in this study because cases and controls were recruited from the same population, but there might be some bias in that cases were hospitalized under-5 children and controls were in-and outpatients. Recall bias was minimized by asking mothers specific questions via the questionnaire regarding the family and social environment. A limitation of this study was the inability to make an accurate diagnosis of the respiratory infections. In addition, it is possible that controls shared some risk factors with cases which were hidden because of the study design employed. Nevertheless, to the best of our knowledge, the findings of this study are a basis for an in-depth search for risk factors for ARIs using a more accurate design. Inadequate household cooking practices therefore plays an important role in the acquisition of acute respiratory infections among under-five children. Cases were significantly more exposed than controls to factors such as use of firewood for cooking, cooking in the same room where the child sleeps, cooking at the entrance to the room where the child sleeps, overcrowding and inadequate ventilation which might have contributed to their increased vulnerability to respiratory infections.
